Background: While arthrodesis is the standard treatment of a severely arthritic ankle joint, total ankle arthroplasty has become a popular alternative. This review provides clinical outcomes and complications of both interventions in patients with rheumatoid arthritis. Methods: Studies were obtained from Pubmed, Embase and Web of Science (January 1980 -June 2011) and additional manual search. Inclusion criteria: original clinical study, > 5 rheumatoid arthritis (population), internal fixation arthrodesis or three-component mobile bearing prosthesis (intervention), ankle scoring system (outcome). The clinical outcome score, complication-and failure rates were extracted and the methodological quality of the studies was analysed. Results: 17 observational studies of 868 citations were included. The effect size concerning total ankle arthroplasty ranged between 1.9 and 6.0, for arthrodesis the effect sizes were 4.0 and 4.7. Reoperation due to implant failure or reoperation due to non-union, was 11% and 12% for respectively total ankle arthroplasty and arthrodesis. The methodological quality of the studies was low (mean 6.4 out of a maximum of 14 points) and was lower for arthrodesis (mean 4.8) as compared to arthroplasty (mean 7.8) (p = 0.04).
Background
Ankle arthritis usually occurs in the later stages of rheumatoid arthritis (RA). In end stage ankle arthritis surgical management is often necessary, consisting of either arthrodesis or arthroplasty.
Arthrodesis (or ankle fusion) has long been considered to be the gold standard. The advantage of arthrodesis is a potential gain of walking ability due to relief of pain and decrease of deformity. However the loss of ankle motion, imposes stress on other joints and may, especially in RA patients, increase degenerative lesions in the mid-and forefoot [1] .
Total ankle arthroplasty (TAA) preserves ankle range of motion (ROM), thereby compromising gait pattern to a lesser extent and imposing less stress on other joints [2, 3] . Despite the potential advantages total ankle arthroplasty may not be the best treatment option for all patients as an implant requires adequate bone support and there is a risk of reoperation due to loosening [4] .
The effectiveness of both interventions with mixed indications has been described in three systematic reviews, including second-and third generation implants and arthrodesis [5] [6] [7] .
With respect to ankle fusion, the meta-analysis of Haddad et al., including thirty-nine original studies, showed that 73% (95% confidence interval (95% CI): 61-84), of all patients experienced a good result [5] . Concerning total ankle arthroplasty this meta-analysis, including ten primary studies, evaluated only second generation implants, and concluded that 78% (95% CI: 62-95) showed good results [5] . With respect to third generation implants Stengel et al., included ten studies and presented a weighted average improvement of 45.2 points (maximum score: 100 points) [6] . Gougoulias et al., reviewing thirteen studies and focusing on clinical failure-and survival rates of both second and third generation implants, showed 9.8% (95% CI 3.1-16.5) implants failure after 5 years [7] .
For both ankle arthrodesis and total ankle arthroplasty there has been no systematic review which included only RA patients or reported specifically the results of this patient group. Furthermore the systematic review, including arthrodesis studies, focused only on the clinical outcome scores whereas, complication types-and rates were not evaluated [5] . For outcome studies it is important to include and evaluate each diagnostic group separately, as factors as morbidity status are important to determine success [3] . Data of Stengel et al. showed that RA patients, overall have lower scores using functional scoring systems than patients with a single joint problem [6] .
Therefore the aim of this study is to systematically review the literature regarding the effectiveness and safety of ankle arthrodesis and total ankle arthroplasty in RA patients. To enable comparisons among studies this review focuses on the standard surgical methods, i.e. isolated fusion of the talocrural joint by internal fixation methods and arthroplasty with third generation implant designs.
Methods

Search strategy
An electronic database search was performed from January 1, 1980 Regarding the limited reviewed literature concerning this topic, a Cochrane database search was not performed. To search for potential additional studies the electronic database search was supplemented by a manual check of references of recent reviews and primary full text articles identified with the search strategy, as described above.
Selection of articles
All titles, abstracts and selected full text articles were screened by two authors independently (JvH and HvdH). The review sought randomized controlled trials (RCTs), controlled clinical trials and observational studies in which only RA patients were described or in which data from RA patients could be extracted from the general data, and were written in English. Articles published before 1980 were excluded.
Titles and abstract were screened using three general criteria:
Original clinical study (no reviews or case reports) The intervention(s) evaluated was arthrodesis, total ankle arthroplasty or both The efficacy of interventions was tested
In case of a potentially relevant title and abstract full text articles were examined using the aforementioned inclusion criteria plus the following criteria:
Studies that reported on at least five RA patients with end-staged rheumatic ankle(s) were included (the cut-off point of 5 was chosen as there are very few studies including large numbers of RA patients). The intervention concerned internal fixation arthrodesis of the talocrural joint or arthroplasty with a third generation, three-component mobile bearing prosthesis. If studies presented the outcome of a combination of internal and external fixation arthrodesis or second and third generation implants in arthroplasty, data derived from internal fixation or third generation implants could be extracted separately. The clinical outcome had to be evaluated by using an ankle scoring system, designed for evaluating surgical interventions for ankle problems, including the Kofoed [8] , Amercian Orthopaedic Foot and Ankle Society (AOFAS) ankle-and hindfoot score [9] , Foot Functional Index (FFI) [10] and Mazur score [11] . All scoring systems use somewhat similar items as pain, function, range of motion (ROM), and deformity and all have a domain of 100 points [12] . The outcome had to be measured at least once postoperatively.
Exclusion criterion:
Studies on the effectiveness of arthrodesis after a failed total ankle arthroplasty were excluded.
Data extraction
The study characteristics and clinical outcomes were extracted from the selected full-text articles. For continuous data, preferably the mean, range and standard deviation (SD) were extracted. If not presented in the study, the mean, range and SD data were calculated whenever possible.
Study characteristics included:
a. Year of publication, time period in which patients were examined, average duration of follow up (years), number of RA patients included in the study, percentage of RA patients in the total included patient population and gender distribution.
Clinical outcomes included:
a. Type of ankle scoring system, response rate (the total number of RA patients evaluated divided by the number of RA patients which were included) and postoperative and, if available, preoperative ankle scores (out of 100 points 
Quality assessment
As a systematic review can be of great value in evidence based medicine, it is important that data, upon which the review is based, are reliable and obtained within a sound methodological design. As a gold standard for internal and external validity evaluation of observational intervention studies does not exists, the authors (JvH, HvdH and TVV) comprehended a user-friendly seven item rating system composed of a quality checklist for intervention studies and diagnostic tests [13, 14] , shown in Table 1 . This quality appraisal system generally agrees with other appraisal tools upon most important, wellknown, flaws as selection-and observation bias and confounding [15, 16] . However with this system, discrimination is possible between the reporting-and methodological quality. To allocate the evaluation criteria to the four most important elements for conducting evidence: study design, subjects (patients), outcome and analysis, this tool can elucidate the flaws and strengths of the included studies. Two authors (JvH and HvdH) independently assessed the methodological quality of each study included in this review. Each item received 0, 1 or 2 points (descriptors Table 1 ), so the maximum score of 14 points reflecting studies with a good methodological quality. Discrepancies were examined by a third observer (TVV) independently and consensus between the three authors was reached. As one of the raters is also the author of one of the included articles (HvdH), his study was also scored blinded by the third reviewer (TVV).
The GRADE criteria were used to describe the overall quality of evidence and strength of recommendations of this study.
Data-and statistical analysis
Due to absence of preoperative scores, incomplete measures of variability, heterogeneity of the patient populations and variety among outcome scoring systems, formal pooling and subsequently a comprehensive statistical analysis was not possible. Therefore, descriptive statistical analyses were used. Results are expressed as mean and standard deviation (SD). Statistical analysis was performed using SPSS (IBM SPSS Statistics for Windows, Version 20.0).
For studies in which the pre-and postoperative clinical score were available we calculated the effect size by subtracting the pre-operative score from the postoperative score and divide this number by the standard deviation of the preoperative score. The methodological scores between the two different observers were compared with an intraclass correlation coefficient (ICC). The methodological scores between the two different treatment options were compared with a Student t-test. Correlation between methodological scores, impact factor of the journal and study size was calculated using a Spearman correlation coefficient.
Results
Search and selection of articles
The initial electronic databases search yielded a total of 868 titles. The process by which the final selection of articles was made is visualized in Figure 1 . After excluding duplicates, articles not written in English and nonoriginal clinical studies, 369 potentially relevant titles and abstracts were screened for intervention type Complete data collection or a strategy for handling missing data was documented or a specific analysis was conducted to determine the impact of missing data.
1
Missing data was not an apparent issue but no strategy for handling missing data was described.
0 Missing data may have been an issue and no strategy for missing data was documented.
*number between parentheses refers to descriptor of the methodological quality assessment system by Macdermid et al. [13] .
(arthrodesis or arthroplasty) and the efficacy of intervention, finally 108 full text articles were examined. Consensus was reached by both reviewers (JvH and HvdH) on 17 full text articles. for arthroplasty. Also the number of included RA patients showed variety (n = 5 to 76). In total, the 17 studies included 145 RA patients with talocrural arthrodesis and 260 RA patients with third generation total ankle prosthesis.
Description of included studies
Methodological quality
The methodical quality of the 17 included studies was assessed with the seven item rating system ( Table 1 ). The intraclass correlation coefficient (ICC) between the two reviewers (JvH and HvdH) was 0.84 (95% CI 0.61-0.94).
As depicted in Table 3 , the mean score of the arthroplasty studies was 7.8 (SD 2.2), which was substantially higher than 4.8 (SD 1.3) for the fusion studies (p = 0.04) (maximum score = 14). The correlation coefficients between the methodological quality score and the impact factor of the journal was 0.7 (p = 0.004) and for the Figure 1 The article selection process.
van methodological quality and the amount of patients in the study was 0.5 (p = 0.04). Furthermore the correlation coefficient of the methodological quality score and year of publication (before and after 2005) was 0.6 (p = 0.06). So, studies with a high quality score were published in higher impact journals, included more patients, and the quality of the studies increased over time.
We analysed the outcome separately for all studies with a methodological score of 7 and above, but only one study in the fusion group had a methodological score of seven and this study didn't describe the preoperative score so it was not possible to analyse only the studies with of moderate to good methodological score.
As all included studies were observational studies they would be graded as "low evidence" according to the GRADE classification, furthermore, due to the low quality it should be downgraded and the grade of evidence assigned should be "very low".
Effects of intervention
In Table 4 clinical outcome scores are presented. Preoperative data and measures of variability were absent in 12 articles [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . This restrains the possibility to measure the effect size and to compare the preoperative status of the two groups. In addition, non-standardized outcome descriptors such as satisfied (yes/no) or poor outcome (yes/no) were used in a considerable number of studies.
The AOFAS, Mazur and Kofoed score were the most frequently reported evaluation tools. As the range of motion (ROM) should be zero after a successful fusion, this is not an appropriate tool for evaluating the success of arthrodesis. Except for the study of Anderson which mentioned an adjusted clinical outcome score; the ROM was not taken into account [11, 24] . Shinomiya et al. explicitly mentioned the inclusion of ROM [20] .
As formal pooling was not possible, only a descriptive analysis was performed to present the data. The The effect size could only be determined in 5 studies. The effect size for an implant ranged from 1.9 to 6.0 and in the arthrodesis group the original studies presented effect sizes of 4.0 and 4.7. which included a small number of patients e.g. De Palma et al. did not report failure. However studies with > 20 patients did [29] . Overall we find heterogeneity in the amount of complications. Figure 2 visualizes a positive correlation Rho = 0.73 (p = 0.003) between study size and number of reported failure rate. When larger amounts of patients were included, higher failure rates were reported. Due to publication bias it is possible that only smaller series with good results were published. Whereas series with high complication-and, or failure rates will not be published.
Complications
Discussion
Neither randomized controlled trials nor controlled clinical trials are published on the effectiveness of arthroplasty or arthrodesis of the ankle in rheumatoid arthritis. This review included 17 observational studies, all with low methodological quality. Furthermore due to clinical heterogeneity, formal pooling was not possible and because the absence of preoperative scores and measures of variability, statistical analyses were limited. These limitations result in a systematic review with low quality of evidence according to the GRADE guidelines [30] .
Both interventions show a comparable clinical improvement. For arthrodesis the postoperative scores, with a mean follow up time of 3.8 years, ranged from 58.3 to 88.8 (maximum of 100) and for total ankle arthroplasty with third generation prostheses, with a mean follow up time of 4.5 years, the scores ranged between 66.0 and 84.2. The effect sizes for arthrodesis were 4.0 and 4.7, and the effect size in the implant group ranged between 1.9 and 6.0. However when interpreting the effect sizes for arthrodesis, the non-adjustment of clinical outcome score, regarding the ROM, must be bear in mind. A successful fusion will obviously result in no range of motion. This could imply underestimation up to 10%, of the result of arthrodesis. Moreover the failure rates, in this review characterized as reoperation due to implant removal in the arthroplasty group or to non-union in arthrodesis, were similar (11-12%). Expect for a study by de Palma et al., who included only 7 patients, we obtained just results of open ankle fusion techniques. Although arthroscopic procedures show good results by experienced surgeons, this technique seems not suitable to correct large deformities which are often present in RA patients [29, 31] . In future research the value of arthroscopic fusion in this specific patient group could be investigated. The clinical outcome for both interventions in RA patients, presented in this review, is overall consistent with earlier published results in a mixed population by Stengel et al. and Gougoulias et al. [6, 7] . At moment of writing only Haddad et al. as well systematically reviewed both arthroplasty and arthrodesis; however the authors focused only on the second generation implants. Nevertheless, comparable with our data, they found similar clinical outcomes for both surgical interventions [5] . To weigh each intervention, this review also focused on complication-and failure rates. Concerning arthrodesis we reported a non-union rate of 12%, which is consistent with earlier presented publications [5, 32] . Complications as deep infections, loosening and fractures after implant surgery were only evaluated by Stengel et al. [6] . The failure rates for total arthroplasty were evaluated in two original studies [32, 33] and the three aforementioned reviews [5] [6] [7] . The peri-and postoperative complications as superficial and deep infections (resp. 10.8% and 1.6%) are comparable to findings of this review (resp. 9% and 3%) [6] . Although failure of an implant was defined as implant removal and not as revision, the failure rate 11% (range: 0-24%) is also in line with the findings of Stengel et al., Gougoulias et al. and Saltzman et al. [6, 7, 33] . However the failure rate was higher compared to the second generation implants evaluated by Haddad et al., who showed revision rate of 7%, but was lower compared to a large observational study published in 2007 l [5, 32] . Unfortunately the authors did not describe the type and or generation of implants, which hampers to explain discrepancies between their result and the overall low revision rate [5, 32] . Soohoo et al. described a moderate revision rate for implants of 9% after one year, but after five years it was 23% compared to respectively 5% and 11% for arthrodesis [32] . This implicates that the risk of major revision surgery increases in the long-term. However this review could not demonstrate such a trend, though the reviewed arthroplasty studies showed a mean mid-term follow up time of 4.5 years (range: 2.0 -8.3 years). Nevertheless, regarding the increased popularity of ankle implants, long-term results (> 5 years) and revision rates are needed.
The strength of this review lies in the assessment of the methodological quality of included studies. Furthermore we focused on patients with R.A., which is an unique patient population compared to patients with a monoarticular problem. Also inclusion of results of the newer third generation implants has not been extensively described before. An important weakness of this review is the outcome scoring system. Only studies, which applied a 100 point ankle scoring scale, were included. Scoring systems which provided nominal outcomes e.g. good and poor were excluded. This was done to obtain objectified data and to compare, in which extent this is possible, the different evaluation tools. Notwithstanding this limitation, the great diversity among (non-validated) scoring systems i.a. prevented pooling and therefore this review provides subsequently suboptimal evidence.
Regrettably three major issues concerning the included studies; 1) small study size, 2) clinical heterogeneity and 3) poor methodological design, restrained us to present a comprehensive statistical analysis with pooled data. 1) Small study size: 9 out of the 17 included studies included < 20 patients [17] [18] [19] 25, 28, 29, 34, 35] . The low failure-and complication rate in small studies needs to be noted as this could be an indication for publication bias, which is important as published studies can have a high impact on daily medical practice. 2) Clinical heterogeneity: Neither pre-existing conditions, preoperative functional status e.g. the health assessment questionnaire (HAQ), nor all preoperative clinical outcome scores were presented. This prevented pooling, but might also lead to selection bias. Furthermore it is important to bear in mind that a negative and significant correlation between functional scores and the activity of the rheumatic disease can explain a low clinical outcome with similar or even better treatment effects in patients with a high disease activity [24] . denotations, as well as the usage of a great variety of non-validated and non-uniform outcome scores. However this review revealed the methodological quality of included studies no certain cut-off value was applied as exclusion criterion regarding the small number of studies (17) . Statistical parameters as the standard deviation, which was absent in 4 studies [19, 21, 23, 24, 26] prevented measuring the effect size.
The heterogeneity in definitions of complication and failure prevented also comparison. Several authors characterized e.g. failure as revision but also as radiographic loosening. These different described endpoints raise the question whether the presented results are consistent with patients' satisfaction.
The use of non-validated rating scales as mentioned before is also a problem, as the outcomes are not standardized and therefore not reproducible, their use hampers evaluation. Of the 17 included studies only Schutte et al. applied a validated rating scale, the FFI [36, 37] . Furthermore, apart from Anderson et al., authors of the arthrodesis studies did not describe adjustment of the functional score to the normal loss of motion after fusion of the talocrural joint, which makes it a non-uniform scoring system [24] . As not all authors mentioned adjustment, we could not adjust the maximum score. Therefore, as stated earlier, the effect size must be interpreted with awareness of underestimation of successful fusion.
Even when all included studies would have been methodological well designed, indication bias remains a threat to validity in observational studies. Indication bias is controlled best by an RCT, however randomization and control is not always feasible. When two interventions have different profiles, both patients and surgeons have a preferable intervention. Strong preferences make recruitment difficult if not impossible [38] . To overcome the problems with randomization a clinical controlled trial can be preferable. Moreover as historically most advances in surgical knowledge have been accepted on the basis of non-randomized studies [38] .
To improve the quality of research in the future, the research proposal should include and evaluate each diagnostic group separately, as factors as morbidity status are important to determine success [3] . To make studies comparable, the same validated rating scale, preferably a patient reported outcome measure would be valuable [36] . Currently the FFI, and recently also the Swedish version of the self-reported foot and ankle score (SEFAS) and the Manchester-Oxford Foot Questionnaire (MOFXFQ) are validated outcome measures [36, 39, 40] . With well-defined cohorts, outcomes, endpoints, exposures, predictors and possible confounders, a prospective observational study can give important contributions to ankle surgery in rheumatic patients.
Conclusions
Currently no controlled clinical trials on the effectiveness of arthroplasty or arthrodesis of the ankle in rheumatoid arthritis have been published. Regardless of the methodological limitations it can be concluded from 17 observational studies, that both interventions show clinical improvement. This is in line with current literature that indicate that no procedure is superior to the other. However it remains to be established which treatment gives the best results in longer term. These interventions should preferably be studied with a randomized controlled trial, however cohort studies with sound methodological methods could also be of value.
